F. WOKES AND R. MELVILLE I948 shoots supports this hypothesis. Our data have shown that the vitamin C concentration in the vegetative buds increased markedly just before opening, the peak occurring in very young leaves. In the reproductive buds and catkins there was a similar increase just before rapid growth began. In the phloem of the stem, adjoining the cambium, there was a peak concentration, at the time of active growth. Schopfer (1943) has suggested that vitamin C may also be connected with photosynthesis and the production of sugars. Our data support this suggestion in so far as high concentrations of the vitamin were found in the mesophyll and in other green tissues (e.g. cortex of green stems) where photosynthesis was most marked. However, photosynthesis cannot very well explain the function of the vitamin C in the endocarp, where the highest concentrations occur. Since these concentrations fall rapidly when the woody shell is developing, and since in a given nut the concentration of vitamin C in the woody part is much lower than in the nonwoody part, we suggest that the vitamin may be utilized in the formation of the lignin. This hypothesis may also explain the function of the vitamin C in the stem. The concentration gradient of vitamin C in the stem declines towards the roots. In the large trees yielding our main sample we could only follow this gradient 2 or 3 ft. down the shoots into the main stem. By examining a sapling about 4 ft. high we were able to establish the complete gradient from the buds down to the finest roots (Table 6 ). (Table 1) ; correction. of these values for errors described in the present work would further increase these discrepancies. The large difference between the values for the sedimentation constant of insulin of Gutfreund & Ogston (1946) and of Miller & Andersson (1942) finally led us to investigate the errors of our Svedberg ultracentrifuge. Using this method, good linear plots were obtained (Fig. 1) ; the standard deviation of the estimate of S2O seldom exceeded 0 5 % (Table 2) .
EXPERIMENTAL Optcal system and measurement
The optical system was the original Philpot (1938) diagonalschlieren system, modified by replacing the fused silica windows of the rotor casing and the compound quartzfluorite lenses by a pair of simple glass lenses. A considerable improvement of definition resulted from this replacement. The source of light was a 250 W. Mazda box-type mercury lamp used with a monochromator; this reduced exposures tenfold qompared with those previously required, and caused a further sharpening of the image, since the boundary did not now move an appreciable distance during an exposure (4-10 sec.).
The magnification of the spherical (schlieren) lens was measured over the whole field by photographing a finely ruled scale or its projected image, with the rotor first static and then running in the evacuated casing; the same value was obtained in'each case, constant to 0.1% over the field. Measurement of the plates was made by means of a travelling microscope reading correct to 0.001 cm. The position of the boundary was taken as the ma2ximum of the 'peak' in the diagonal-schlieren diagram, and was obtained to 0 005 cm. or less, according to the thickness of the boundary.
The distance of the index hole in the balance cell from the Centre of rotation was measured to 0.05%.
The speed of rotaion
The Hartmann Kempf reed frequency meter, for measuring the frequency of, the alternating current generated by the rotor, was supplemented with a freqdency bridge designed and built for us by Mr R. P. Martin and Mr P. A.
Davenport, of the Clrendon Laboratory (to be published).
This enables the speed to be measured to 0.1% in 4 frequency ranges, 300+5, 450+5, 700+10 and 1000+ 10 revs./ sec. The bridge reads continuously within these ranges, so that control of speed drift is made easy. The bridge was calibrated at intervals against a crystal clock. During a run, the speed was kept constant within ±5 revs./sec. and rarely changed by more than 2 revs./sec. during any 10 min. interval between photographs. All alterations of the turbine oil pressure were made at the beginnings of intervals, so that the drift of speed during any interval was nearly constant. The use of the bridge effected a noticeable reduction of the standard deviation of S2 , compared with estimates from runs in which the speed was measured by the Hartmann-Kempf meter.
The cell temperature
The rotor runs, on plain journal bearings, in a casing which contains hydrogen at low pressure. Heat is generated in the bearings and by friction with the hydrogen; it is lost to the cooled turbine oil and to the casing; the casing loses heat to the turbine oil and to the surrounding air. The temperature of the rotor, and thence of the cell contents, is thus controlled by several factors; it is measured by means of a thermocouple whose junction has a clearance of 0*025 cm. on the rotor suFface. Svedberg & Pedersen (1940) state that this thermocouple reads the call temperature within 0-6°. However, a change in the pressure of turbine oil, or of the pressure of hydrogen, causes so rapid a change in the reading of the thermocouple as to make it unlikely that this corresponds directly with a change of temperature of the whole mass of the rotor. It seems likely, on the contrary, that the temperature of the thermocouple, although controlled by the same factors as control that of the rotor, is not simply related to it.
Since it would be laborious to calibrate the thermocouple in terms of cell temperature, for variation of all possible factors, our aim was to find standard conditions which could be easily reproduced and then to calibrate under these conditions. A series of runs was, therefbre,' carried out, using a so ution of lactoglobulin (1 g./100 ml.) in buffer (01M-NaCl, 0-*Im-Na acetate, 0 04m-acetic acid), to test the effects of varying conditions on the apparent sedimentation constant. The results were as follows (Table 2) :
(a) In our former procedure, the cold water which cools the turbine oil was turned on at the beginning of the run: the temperature of the rotor thermocouple rose rapidly during speeding,up and then, when full speed was reached, drifted upwards steadily for several hours (0 1-0.3°/10 min.). When the cooling water was noit turned on until full speed had nearly been reached (20-25 min. after starting), the temperature rose more rapidly at first, but reached a steady value within 50-60 min. after starting (30 min. after full speed); thereafter it did not ¢hange by more than 0.20. The apparent sedimentation oonstants obtained by the latter procedure were significantly lower (by 1-2 %) than by the former ( 
Lactoglobulin 8olutwni
Lactoglobulin was made from fresh milk by the method of Palmer (1934) . It was twice recrystallized and stored as crystals in water under toluene in the cold room; recrystallization was effected by dissolving the crystals in NaCl solution, removing any insoluble material, adjusting the pH to 5-2 by dialysis against acetate buffer and dialyzing against water. Solutions were made by dissolving the crystals in buffer (0. 1M-NaCl, 01M-Na acetate, 0 04x-acetic acid) and dialyzing against buffer. The concentration ofprotein was estimated refractometrically against diffusate, using 0-00180 as the specific refractive increment; the solution was then diluted with diffusate to give a concentration of 1 g. protein/100 ml. Solutions were kept in the cold room and did not change their sedimuentation properties during storage.
DISCUSSION
This work shows that the Svedberg oil-turbine ultracentrifuge can give highly reproducible results provided that the conditions of running are carefully controlled, and that proper attention is given to the measurement of all the quantities concerned. This conclusion may hold good for other types of ultracentrifuge. The reproducibility which we claim compares favourably with other published data.
We believe, also, that we have controlled all important sources of systematic error, and that the results which we now quote are accurate to 0-5 % (S.D.). Our value of 2-81 x 10-13 for the sediimentation constant of lactoglobulin differs considerably from Pedersen's (1936) value of 3-12 x 10-13. Further discussion of this discrepancy will be left to a later paper.
ESTIMATION OF THE QUANTITY OF
A SEDIMENTING COMPONENT Subject to the limitations found by Johnston & Ogston (1946) , the amount of a sedimenting component, in terms of its refractive increment, may be estimated by measuring the area of the 'peak' of the diagonal-schlieren diagram due to this component. Comparison of this with the total refractive increment of the solution due to protein (measured against diffusate) gives information about the homogeneity of the preparation. A deficiency may be due to another visible component or to material which sediments too slowly or too quickly to be observed, or which is too heterogeneous to form a visible boundary. A single homogeneous component should give, by integration of the peak, a value equal to the total refractive increment. The accuracy of measurement of the quantity of a component by the 'scale' method of Lamm (1934) appears to be of the order of 1 to 2 %; that of the diagonal-schlieren method of Philpot (1938) has been believed to be rather lower. We have modified the method of estimation of Philpot's method and now find its accuracy to be nearly equal to that of Lamm.
EXPERIMENTAL Optical sy8tem
Modifications to the optical system described above have improved the photographic definition. The use of a high intensity mercury lamp as a source of monochromatic light has resulted in a reduction of exposure times by tenfold; as a result, the boundary does not move an appreciable fraction of its thickness during an exposure, and blurring of the limbs of the 'peak' is avoided. The line of demarcation on the photographic record (Fig. 5) The area to be measured is that included between the 'peak' due to the boundary and the base line from which this arises; base line is seen both above and below the boundary, if the boundary is clear of the meniscus and the bottom of the cell, and represents uniform concentration. For rough work, the base line may be sketched in through the boundary region, but for accurate work an experimentally determined base line must be used. The base line suffers distortion of two kinds: (a) Curvature ofthe cell end plates produces a curvature of the base line (Fig. 5) and sedimentation of buffer solutes may also produce a distortion. It is therefore necessary to obtain a base line, corresponding with each record of the boundary whose area it is wished to measure, using buffer of identical composition and under the same conditions of rotor speed, temperature, time (we have found this unimportant with acetate buffer), degree of filling of the cell and optical settings.
(b) The base line, obtained as described in (a), fits the boundary diagram only above the boundary (Fig. 6 ). This is due to the different refractive indices of the solution below the boundary in the experimental run (where it contains protein) and the base line run (where it contains only buffer). This diffbrence, since the cell end plates are distorted to form a lens, alters the focal length of the optical system, which causes the base line to change in slope.
We have, therefore, used only diagrams in which a considerable length of base line is visible both above and below the boundary, and have fitted the tracing of the experimentally determined base line to the regions above and below the boundary, giving them the requisite slopes, and allowing intersection of the two parts of base line to occur in the middle of the boundary (Fig. 6) . This procedure appears to give a fair approximation of the trme area. The area between the 'peak' and the fitted base line was measured with a planimeter, making five complete circuits of the area (P cm.2). The planimeter was standardized with the radius arm supplied with it; its wheel was always run on a standard paper surface. The magnification of the enlarger (Mm)wasobtainedbymeasuringthe meniscus-index distance on the plate by a travelling microscope and on the tracing by a ruler (to 0-5 in 120 mm.). The magnification of the spherical schlieren lens (M,) was measured as already described, and that ofthe cylindrical lens (Mc) by measuring the photograph through it of an accurately made rectangular aperture; the distance (a) from the focusing lens on the rotor casing to the diagonal edge (equal to its focal length) was measured by ruler (to 0.5 in 133 cm.); the cell where b is the angle of the diagonal edge from the vertical.
The square term allows for the dilution of protein through sedimentation in .a non-uniform field and in a sectorshaped cell (Svedberg & Pedersen, 1940) . According to this procedure, measurements have been made of the boundary diagrams obtained in two of the experiments on lactoglobulin described above. The results are given in Table 3 .
DISCUSSION
The boundary diagrams obtained with lactoglobylin are ideal for accurate integration; an accuracy of about 2-5 % (S.D.) was obtained from measurement of a single diagram, and greater accuracy is obtainable by taking the mean value from several diagrams of a given run (measurement of six give an accuracy of about 1 %). The error will be greater than this in the following cases: (1) where the boundary is very broad, leaving too little base line for accurate fitting;
(2) where it is very narrow, so that the area to be measured is small and the distance moved during an exposure is an appreciable fraction of its width; (3) where one boundary is incompletely resolved from another, or where heterogeneous material distorts the apparent base line; (4) where the use of a high optical sensitivity (with dilute solutions) lessens the sharpness of the line of demarcation in the diagram.
In the course of this work it was nqticed that, for a period, wrong values had been obtained for the quantity ofsedimenting components, through failure to take into account the fact that the focusing lens then in use on the rotor casing was not placed at its focal distance from the diagonal edge. A correction of 7 % is to be added to the values given in the followingpublications: Ogston (1945) , Ogston (1946) and Johnston & Ogston (1946) ; application of this correction to data given inthe last for serum albumin and lactoglobulin gives a mean integration value of 97%.
The accuracy of the Philpot optical system is thus shown to be little inferior to that of the scale method of Lamm (1934 
